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Summary. Objectives: The plasma thrombomodulin
(TM) level is thought to be an indicator of endothelial
cell damage. Plasma TM levels were measured along
with other parameters in 153 patients with various
infectious diseases. The clinical significance of plasma
TMwas assessed to evaluate the endothelial cell damage
in infection.
Design: A retrospective study of patients with infec-
tious diseases.
Setting: Out-patient and inpatient clinics at the hospi-
tal of the Niigata University School of Medicine and
other hospitals.
Patients: The patients' median age was 68 years. There
were 95 patients with a respiratory tract infection, 10
with a biliary tract infection, 33 with a gastrointestinal
infection, 8 with a urinary tract infection, and 7 with
other infections. Patients having such complications as
disseminated intravascular coagulation, diabetes mel-
litus, cerebrovascular disease, cancer, and renal dysfunc-
tion (serum creatinine > 110 //molLr1) or those undergo-
ing anticoagulant therapy were excluded.
Results: The plasma levels of TM, thrombin-anti-
thrombin III complex (TAT), plasmin-«2-plasmin in-
hibitor complex (PIC), fibrin degradation products
(FDP), crosslinked fibrin degradation products (D-
dimer), fibrinogen, von Willebrand factor antigen
(vWf:Ag) and granulocyte elastase-arl-proteinase in-
hibitor complex were elevated, and those of antithrom-
bin III and protein C were decreased in these patients.
The plasma TM correlated positively with the
granulocyte counts, suggesting the participation of
granulocytes in the endothelial cell damage. The plasma
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TM also correlated positively with PIC, FDP, D-dimer
and vWf:Ag, and negatively with protein C. These
changes were more marked in the older patients.
Conclusions: Endothelial cell damage and the activation
of blood coagulation and fibrinolysis were found in
patients with infectious diseases.
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damage, granulocyte elastase.

INTRODUCTION

Thrombomodulin (TM) is a receptor for thrombin on
the vascular endothelium, and plays an important
role in the thrombin-catalyzed activation of protein
C(1^5). Soluble TM is thought to result from the
endothelial cell damage(6). The activation of coagula-
tion and fibrinolysis were recently reported in
patients with various infections diseases(7~9). Deter-
mining the severity of vascular endothelium injury in
patients with infectious diseases is important in order
to prevent or treat thrombosis and organ disorders.
In this study, plasma TM was measured and compar-
ed with other coagulation and fibrinolytic parameters
and granulocyte elastase, and the clinical significance
of plasma TM was assessed to evaluate the endoth-
elial cell damage during infection.

MATERIALS AND METHODS

Patients

One hundred and fifty-three patients (93 men and 60
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w o m e n) w h o w e r e cli n i c all y di a g n o s e d a s h a vi
n g

in f e cti o u s di s e a s e w e r e st u di e d . T h e m e di a n a g e w a s

68
,
w it h a n in t e r g u a rtil e r a n g e of 5 2 , 7 6 y e a r s ･

T h er e w e r e 95 p a ti e n t s w ith a r e s p i r a t o r y t r a c t i nf e c
-

ti o n ( p n e u m o n i a , b r o n ch itis , t o n sillitis o r a c
o m m o n

c old) , 10 w ith a bili a r y t r a ct i nf e c t
i o n ( c h ol e c y stitis

a n d c h o l a n g itis) , 33 w it h a g a s t r oi n t e s ti n al i n
f e c ti o n

( a c u t e e n t e ritis , a p p e n di citi s o r o th e r e
n t e r o c olitis) , 8

w it h a u ri n a r y t r a ct in f e cti o n ( p y el o n e p h ritis , p y elit
is

o r c y stiti s) , a n d 7 w it h o th e r i n f e c ti o n s ( p a r o t
itis

,

v a g in itis , ri c k et t si o sis , h e r p e s z o s t e r , d e c
u b it u s a n d

o t h e r s) . A ll w e r e di a g n o s ed at a n o u t p ati e nt clin ic o
r

o n a d m is si o n t o o u r h o s p it al o r o t h e r h o s p it al s ･ M o s t

of t h e p ati e n t s w e r e a t t h e e a rly t o p e a k p h a s e o
f

in f e cti o n . P a tie n t s h a vi n g c o m p lic a ti o n s w it h di s
-

s e m i n a t e d i n t r a v a s c ul a r c o a g ul a ti o n (D I C) , di a b et e s

m ellit u s
,
c e r eb r o v a s c ul a r dis e a s e , c a n c e r , r e n al d y s

-

f u n cti o n ( s e r u m c r e ati n i n e > 1 1 0 /∠ m oILー
1

) , o r p a ti-

e n t s u n d e r g o l n g a n tic o a g ul a n t t h e r a p y w e r e e x cl u d
-

e d . T hir t y
- s e v e n a g e

-

m a t c h e d
,
a s y m p t o m a ti c h e alt h y

v olu n t e e r s (1 4 m e n a n d 2 3 w o m e n) w it h n o dis e a s e s

a n d n o el e v a ti o n s of C - r e a cti v e p r o t ei n (C R P) s e r v ed

a s c o n t r ols .

C o ll e c ti o n o f bl o o d s a m pl e s

v e n o u s bl o o d w a s c oll e c t ed i n t o sili c o n i z e d t u b e s

c o n t ai n i n g 1/ 10 v olu m e of 0 .1 2 9 m oI L‾
1

t ris o di u m

cit r at e u s l n g a 10 - m l s y r l n g e W ith a 2 ト g a u g e n e e dle ,

a n d w a s c e n t rif u g e d a t 1 ,5 00 g f o r 1 5 m i n a t 4 ℃ ･

s e r u m s a m pl e s f o r t h e d e t e r m i n at o n of fib
ri n d e g r a-

d a ti o n p r o d u ct s (F D P) w e r e p r e p a r e d b y c oll e c ti n g

w h ole bl o o d i n t o gl a s s t u b e s c o n t ai ni n g t h r o m b i
n
,

r e p til a s e , a p r o ti ni n a n d c al ci u m ･ A s s a y s w e r e p e r
-

f o r m e d o n f r e s h p l a s m a a n d s e r u m s a m pl e s o r s a m -

pl e s st o r e d a t - 70 ℃ a s f oll o w s ･

A s s a y m e t h o d s

p l a s m a T M w a s m e a s u r e d b y a n e n z y m e
-li n k e d i m -

m u n o s o r b e n t a s s a y (E LI S A) ( M it s u bis hi G a s C h e m -

ic al C o m p a n y , I n c .
,
T o k y o , J a p a n)

( 1 0)
･ W hit e b l o o d

c ells ( W B C) , g r a n ul o c y t e s , m o n o c y t e s , a n d l y m p h o
-

c y t e s w e r e c o u n t e d b y st a n d a rd m e th o d s ･ F
ib ri n o-

g e n w a s m e a s u r e d b y t h e th r o m bi n ti m e m e th o d ･

F D P w a s m e a s u r e d b y a s e m l q u a n tit a ti v e l a t e x

a g g l u ti n ati o n m e t h o d ( T eik o k u z o ki , T o
k y o) ･ C r o s s

-

1i n k e d fib ri n d e g r a d a ti o n p r o d u c t s ( D
- di m e r) w e r e

m e a s u r e d b y a l a t e x p h ot o m e t ric i m m u n o a s s a y ( D i a
-

I a t r o n L ab o r a t o ri e s l n c . , T o k y o) . A n tit h r o m bi n III

( A T III) w a s m e a s u r e d b y a c h r o m o g e n i c s u b s t r a t e
-

b a s e d t e ch n iq u e (D i a
-I at r o n ) . T h r o m bi n

- a n tith r o m bi n

III c o m p le x ( T A T) a n d p l a s m i n
-

α 2- pl a s m i n i n hibit o r

c o m pl e x (P I C) w e r e m e a s u r e d b y E L I S A (T eiji n L t d ･ ,

T o k y o) .
P r o t ei n C a n d Y o n W ill eb r a n d f a c t o r a n ti

-

g e n ( v w f : A g) w e r e m e a s u r e d b y E LI S
A ( B o eh ri n g e r

M a n n h ei m
,
T o k y o) . P oly m o r p h o n u cl e a r n e u t r o p hi

l

el a s t a s e (P M N el a s t a s e) w a s m e a s u r ed a s g
r a n u

-

1 o c y t e el a s t a s e
-

α 1- p r ot ei n a s e i n h ibit o r c o m p l e x b y

E L I S A ( D i a g n o stic a M e r c k , D a r m s t a d t , G e r m a
n y) ･

C R P w a s m e a s u r e d b y a l a t e x a g g l u ti n ati o n m et h o d

( D e n k a s eik e n , T o k y o) . S e r u m c r e a tin i n e w a s m e a -

s u r e d b y a n e n z y m a ti c m et h o d ( D e n k a s eik e n) ･ T h e

n o r m al v al u e s a r e : fib ri n o g e n l ･78 -3 ･1 8 g L -
1

,
F D P <

2 50 0 〃g L -
1

,
D -di m e r ≦46 0 〟g L‾

1

,
A T III 9 6- 160 % ,

T A T ≦0 .3 5 /J g L -
1

,
P l c 4 00 -12 00 J L g L -

1

, p r o t ei n C 69 1

1 57
0

/. a n d v W f : A g 5 2-2 92
0

/. ･

S t a tistic al a n aly sis

M e di c al p a r a m et e r s i n clu din g s k e w e d d a t a a r e

p r e s e n t e d a s m e di a n a n d t h e i n t e r g u a r til e r a n g e
i n

p a r e n t h e sis ･ T h e si g n ifi c a n c e of d eiff e r e n c e s
b et w e e n

t w o g r o u p s w a s t e st e d b y M a n n
- W h it n e y

'

s U - t e st ･

Diff e r e n c e s b et w e e n g r o u p s w e r e c o n sid e r ed sig n ifi-

c a n t at a p v al u e of < 0 .0 5 . R el a ti o n s hip s a m o n g

p a r a m e t e
r s w e r e a n aly z e d b y r e g r e s si o n a n al y s t s

u si n g t h e l e a st s q u a r e s m et h od , a n d c o r r el ati o
n c o

-

effici e n t s ( r) w e r e c al c u l a t e d . M ultip l e r e g r e s si o n

a n aly s t s W it h st e p w i s e m e th o d w a s als o d o n e ･

R E S U L T S

L e v el s o f p l a s m a T M a n d o t h e r p a r a m e t e r s

l n t h e 1 5 3 p ati e n t s w it h i n f e c ti o n s dis e a s e s , t h e

p l a s m a T = c o n c e nt r ati o n w a s b e t w e e
n 11 0 00 a n d

58 6 00 U L -
1

,
a n d t h e m e di a n v al u e 21 40 0 (17 5 00 , 2 6 70 0)

u L -
1
w a s sig n ifi c a n tl y h ig h e r t h a n t h a t of th e a g e-

m a t c h e d n o r m al s u bj e ct s 1 82 0 0 (15 10 0 , 2 1 30 0) U L
‾1

(p < o .o o 1) ( T a b le 1 a n d F ig .
1) ･ T w e nt y

- ni n e p e r c e n t

of t h e p a tie n t s s h o w e d a n el e v at e d T M v al u e ,
i ･ e ･

,
>

m e a n ＋2 S D of n o r m al v al u e s . A s s h o w n in T a bl e 1 ,

th e p l a s m a le v els of T A T , P I C , D -di m e r , fib ri n o g e n ,

v w f : A g a n d P M N el a s t a s e w e r e si g n ific a n tly
hig h e r

i n th e p a ti e n t s th a n in t h e n o r m al s u bj e c t s (P < 0 ･0 0 1) I

T h e p l a s m a le v els of A T III a n d p r o t ei n C w e
r e

s l g n ifi c a n tly l o w e r i n t h e p a ti e n t s t h a
n i n t h e n o r m al

s u bj e ct s ( P < 0 .0 01) . T h e C R P a n d W B C l e v el s w e r e

als o el e v a t e d i n th e p a ti e n t s ( T ab le 1) .

R el a ti o n s h ip s b e t w e e n pl a s m a T M a n d o t h e r

p a r a m e t e r s

T h e r el a ti o n s hip s b e t w e e n pl a s m a T M a n d th e o t h e r

p a r a m et e r s a r e s h o w n in T a bl e 2 ･ A m o n g t h e v a ri o u s

c o a g u l a ti o n a n d fib ri n ol y ti c p a r a m e t e r s , p l a s m a T
M



T a bl e l ･ P l a s m a l e v e l s o f v a ri o u s p a r a m e t e r s i n p a ti e n t s w it h

P a r a m e t e r c o n t r ol ( n - 3 7)

T h r o m b o m o d u li n i n l n f e c ti o n

i nf e c ti o u s d i s e a s e a n d n o r m al s u bj e c t s

P a ti e n t s ( n - 1 5 3) ( R a n g e s o f p a ti e n t s)

4 7

A g e (y)

T M ( U L‾
1

)

T A T ( 〃g L‾
1

)

P I C (〟g L‾
1

)

F D P (〃g L-
1

)

D - d i m e r (〟g L‾
1

)

A T III ( % )

P r o t e i n C ( % )

Fi b ri n o g e n ( g L-
1

)

v W f : A g ( % )

P M N e l a st a s e (〟 g L-
1

)

C R P ( g L‾
1

)

C r e a ti n i n e ( 〟 m o I L-
1

)

W B C (1 0
9
L - 1)

G r a n u l o c yt e s (1 0
9
L‾1)

M o n o c y t e s (1 0
9
L‾1)

L y m p h o c y t e s (1 0
9
L‾1)

6 7( 6 3
,
7 0)

1 8 2 0 0 (1 5 1 0 0
,
2 1 3 0 0)

1 . 1 ( 0 . 8
,
2 . 0)

8 0 0 ( 6 0 0
,
9 0 0)

2 5 0 0 ( 2 5 0 0
,
2 5 0 0)

4 0 (1 0
,
2 1 0)

1 2 6 (1 1 8
,
1 4 1)

1 1 0 (1 0 3
,
1 2 2)

2 . 4 6 (2 . 2 3
,
2

. 6 9)

1 5 5 ( 1 2 5
,
2 0 0)

1 0 7 ( 8 4
,
1 2 7 )

< 0 . 0 0 5

く11 0

3
. 9

-

8 . 9

6 8 (5 2 , 7 6)

2 1 4 0 0 ( 1 7 5 0 0
,
2 6 7 0 0)

* * *

4 . 0 (2 . 0
,
7 . 5)

* * *

1 2 0 0 (8 0 0 , 1 8 0 0)
* * *

2 5 0 0 (2 5 0 0
,
2 5 0 0 )

9 4 0 ( 5 4 0 , 2 1 7 0)
* * *

1 0 9 ( 9 3 , 1 2 3)
* * *

8 3 (6 2
,
9 4 )

* * *

3 . 5 1 ( 2 . 9 7
,
4 . 4 2)

* * *

2 4 0 (1 6 5 , 3 2 0)
* * *

1 9 4 (1 3 8
,
3 1 1)

* * *

0 . 0 4 2 (0 . 0 0 7
,
0 . 0 1 3 8)

6 2 ( 5 3 , 8 0)

7 . 3 ( 5 . 5
,
1 0 . 3)

5 . 3 ( 3 .
4
,
8 . 5 )

0 . 4 ( 0 . 3
,
0 . 6 )

1 . 3 (0 . 8
,
1 . 8 )

(1 2 -

8 9)

( 1 1 0 0 0 - 5 8 6 0 0)

( 0 . 8
-

4 7)

( 0 - 5 0 0)

( 2 5 0 0 - 4 0 0 0 0 )

(1 0 -

1 8 4 1 0)

(4 1 -

1 6 3)

(2 9 - 1 4 5)

(1 . 7 6
-

6 . 4 1)

( 3 9 -

7 4 0)

( 0 -

2 2 6 4 )

( 0 -

0 . 0 2 8 4)

( 2 7 - 1 1 0)

(2 . 7
-

2 3 . 7)

(1 . 5
-

2 2 . 3)

(0 - 2
.
3)

(0 . 2
-

4 . 8)

M e d i a n v al u e s (i n t e r q u a rtil e r a n g e P 2 5 , P 7 5) a r e s h o w n .

O b s e r v e d r a n g e s o f p a ti e n t s a r e sh o w n a s t h e R a n g e s o f p a ti e n t s i n p a r e n th e s e s .
* * *
P < 0 ･0 0 1 ( c o m p a r e d w it h n o r m a l s u bj e c t s)

T M ( U L
- 1
)

x 7 0 3

6 0

5 0

4 0

3 0

2 0

T O

●

●

. .:
･

;

'

iTg::
●

●! ●

C o n t r oJ ( n - 3 7) p a tl
'

e n t s ( n - 1 5 3)

Fig . 1 . A s c a tt e r p l o t d i a g r a m o f T M v al u e s i n t h e c o n t r ol a n d

p a ti e n t g r o u p s .

c o r r el at e d p o siti v el y w it h P I C , F D P , D - di n e r a n d

v W f : A g , a n d n e g a ti v el y w ith p r o t ei n C . I n a d diti o n
,

t h e p l a s m a T M c o r r el at e d w it h t h e g r a n ul o c y t e

c o u nt s
,
b u t n o t w it h t h e m o n o c y t e o r ly m p h o c y t e

c o u n t s ･ P M N el a s t a s e c o r r el at e d p o sitiv el y w it h th e

W B C a n d g r a n ul o c y t e c o u n t s , C R P , fib ri n o g e n a n d

v W f : A g , a n d n e g a ti v el y w it h A T III a n d p r o t ei n C .

H o w e v e r
,
t h e c o r r el a ti o n b et w e e n T M a n d P M N
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el a s t a s e w a s n o t sig n ifi c a n t i n t h e p ati e nt s a s a
w h ol e

( r - o .1 22 , P < 0 .2) ( T a bl e 2) . T hir t y
-f o u r p e r c e n t of t h e

p a ti e n t s w ith el e v at e d P M N el a st a s
e h a d ele v a t ed

T M
,
a n d 2 2 % of th e p a tie n t s w it h n o r m al P M N

el a st a s e sh o w e d a n el e v ati o n of T M .
Pl a s m a T M w a s

als o c o r r el at e d w ith s e r u m c r e ati ni n e (P < 0 .0 5) at th e

l e v el ≦1 1 0 / J m OIL -
1

･
L e v el s of D - di m e r

, p r ot ei n C a n d

c r e ati ni n e w e r e si g n ifi c a n tl y r el at e d w it h T M l e v el i n

m u ltip l e r e g r e s si o n･ a n aly sis
w it h a s t e p w i s e m e t h o d ･

T a b l e 2 . C o r r el a ti o n s b e t w e e n pl a s m a T M a n d o th e
r

p a r a m e t e r s i n t h e p a
ti e n t s w it h i n f e c ti o u s d i s e a s e s

p a r a m e t e r r r
2 P v a l u e

A g e

T A T

P I C

F D P

D-d i m e r

A T I II

P r o t ei n C

Fi b ri n o g e n

v W f : A g

P M N el a s t a s e

C R P

C r e a ti n i n e

W B C

G r a n u l o c y t e s

M o n o c y t e s

L y m p h o c y t e s

o . 1 1 0 0 .
0 1 2 N S

o . 1 2 1 0 . 0 1 5 N S

o . 1 9 3 0 . 0 3 7 P < o . 0 5

o . 2 1 5 0 . 0 4 6 P < 0 . 0 1

o .
3 8 7 0 . 1 5 0 P < 0 . 0 0 1

- 0 . 1 4 9

- 0 . 3 0 9

- 0 . 0 2 8

0 . 2 9 1

0 . 1 2 2

0 . 1 3 7

0 . 1 8 9

0 . 1 3 3

0 . 2 3 1

- 0 . 0 9 9

- 0 . 1 5 1

o . o 2 2 N S

o . o 9 5 P < 0 . 0 0 1

o . o o ユ N S

o . o 8 5 P < 0 . 0 0 1

o . o 1 5 N S

o . o 1 9 N S

o . o 3 6 P < 0 . 0 5

o . o 1 8 N S

o . o 5 3 P < 0 . 0 1

o . o 1 0 N S

o .
o 2 3 N S

A n aly sis a c c o r di n g t o C R P

T h e p a tie n t s w e r e divi d ed i n t o t w o g r o u p s a c c
o r di n g

t o th e l e v el of C R P . A s s h o w n i n T ab le 3
,
n o diff e r -

e n c e w a s f o u n d i n th e T M l e v el b et w e e n t h e m ild

i nf e cti o n ( C R P < 5 .0 m g/ dl) g r o u p ( n - 7 5) a n d s e v e r e

i nf e c ti o n (C R P ≧5 .0 m g/dl) g r o u p ( n
- 7 3) , alt h o u g h

t h e g r o u p s
'

P M N el a s t a s e
,
W B C c o u n t

, g r a n ul o c y t e

c o u n t a n d C R P diff e r e d sig n ifi c a n tl y .

A n aly sis a c c o r di n g t o a g e

W e th e n s u b di vid e d th e p a tie n t s i n t o t w o g r o u p s

a c c o r din g t o th ei r a g e s t o i d e n tif y a n y diff e r e n c e i n

th e d e g r e e of e n d o th eli al c ell d a m a g e b et w e e n old e r

p a ti e n t s ( a g e > 6 0 y e a r s) a n d y o u n g e r p a ti e n t s ( a g e ≦

6 0 y e a r s) f o r c o n v e n i e n c e , a n d a n al y z ed ･
T h e T M

l e v el
, g r a n ul o c y t e c o u n t s a n d v W f: A g w e r e sl g n ifi

-

c a n tly hi gh er i n t h e old e r p ati e n t s t h a n i n t h e y o u n g e r

p a ti e n t s (d a t a : n o t s h o w n) . I n th e old e r p ati e nt s ,
T M

c o r r el a t ed p o siti v el y w it h W B C a n d g r a n u l o c y t e

c o u n t s
,
C R P

,
P l c

,
F D P

,
D-di m e r a n d v W f : A g ･ I n t h e

y o u n g e r p a t
i e n t s

,
T M c o r r el a t e d o nl y w ith t h e

m o n o c y t e c o u n t ( T a b le 4) .

D I S C U S S I O N

A n a s s a y of s ol u bl e T M i n h u m a n p l a s m a a n d u ri n e

b y E L IS A w a s r e c e n tly e st a blis h e d
( 1 0)
a n d h a s b e e n

u s ed a s a m a r k e r f o r t h e inj u r y of e n d o t h eli al c ells
( 6)

.

It is k n o w n th a t th e p l a s m a le v el of T M i s el e v a t e d

i n p a ti e n t s w it h s y s t e m i c l u p u s e r y t h e m a t o s u s
( l l)

I

di a b e t e s m ellit u s (
1 2

,
1 3)

,
a d ult r e s p ir a t o r y dis t r e ss s y n

-

d r o m e (
1 4)

,
t h r o m b oti c dis e a s e(

1 2
,
1 4) a n d D I C ( 1 2 ･

1 4)
I A ト

th o u g h p ati e n t s w it h m ild in f e cti o n s w e r e i n cl u d e d i n

T a b l e 3 . P l a s m a l e v e l s o f e a c h p a r a m et e r i n p a ti e n t g r o u p s d i v id e d a c c
o r d -

i n g t o t h e l e v el o f C - r e a c ti v e p r o t e i n ( C R P)

p a r a - et e r En
R

=

P

7

'

5冒
･o m g/ dl

En
R

=

P

7

2

3冒
.o m g/ dl

p v a l u e

T M ( U m L‾
1

)

P M N el a st a s e ( 〟 g L-
1

)

W B C ( 〟L‾
1

)

G r a n u l o c y t e s ( 〃L-
1

)

M o n o c y t e s (〟L‾
1

)

L y m p h o c y t e s ( 〃L‾
1

)

C R P ( m g d L-
1

)

A g e ( y)

2 2 . 0 ±8 . 2

1 7 9 ±14 8

6 5 1 4 ±24 5 0

4 6 6 3 ±29 8 4

4 5 2 ±2 3 5

1 4 9 2 ±78 0

1 . 1 9 ±1 . 2 2

6 0 ±21

2 4 . 4 ±8 . 0 N S

4 2 7 ±3 9 4

1 0 4 5 7 ±43 3 1

8 6 8 4 ±41 9 8

5 2 8 ±37 1

1 1 8 8 ±67 9

1 4 . 5 0 ±6 . 2 6

P < 0 . 0 0 1

P < 0 . 0 0 1

P < o . 0 0 1

N S

P < 0 . 0 5

P < 0 . 0 0 1

6 3 ±19 N S



T a bl e 4 ･ C o r r el a ti o n c o effi ci e n t s b et w e e n p l a s m a T M
a n d o th e r p a r a m e t e r s i n t h e o l d e r a n d y o u n g e r p a ti e n t

g r o u p s

p a r a - e t e r
A

(

g

n

e

=

s

5

6

.

0

,

y

3S
e

=

'

1呂冒,
y

PIC

F D P

D - d i m e r

v W f : A g

P M N el a s t a s e

C R P

W B C

G r a n u l o c y t e s

M o n o c y t e s

L y m p h o c y t e s

r
- 0 . 1 0 3

0 . 1 9 8

0 . 1 5 7

0
.
1 5 9

0 . 0 8 0

- 0 . 1 0 4

- 0 . 2 0 4

- 0 . l i l

- 0 . 3 4 8
*

- 0 . 2 5 7

0 . 2 2 8
*

0 . 2 1 1
*

0
.
4 8 2

* * *

0 . 2 7 3
* *

0 . 1 4 7

0
.
2 0 2

*

0 . 2 6 1
* *

0 . 3 3 4
* * *

- 0 . 0 0 0 3

- 0 . 0 7 4

*
P < o . o 5

,

* *
P < o . o 1

,

* * *

P < o . o o 1 .

th e p r e s e n t s t u d y , a n d el e v ati o n of p l a s m a T M w a s

f o u n d ･ T h e s e p ati e n t s sh o w e d sig n s of a cti v a ti o n of

c o a g ul a ti o n a n d fib ri n ol y si s : el e v a t e d T A T , P 一c a n d

D ･ di m e r ( T a bl e 1) . S ig nifi c a n t c o r r el ati o n s b e t w e e n

th e T M l e v el a n d PI C
,
F D P a n d D -di m e r w e r e f o u n d

( T a bl e 2) . I n a d diti o n
,
t h e p l a s m a T M c o r r el a t ed w it h

v W f : A g , a n ot h e r m a r k e r of e n d o t h eli al c ell i n j u r y .

T h e s e fi n di n g s s u g g e s t t h a t e n d ot h eli al c ell d a m a g e

i s c o m m o n i n p a ti e n t s w it h i n f e cti o u s di s e a s e s

alt h o u g h w h a t is n o t ob vi o u sly el e v a t ed , a n d c o uld b e

a r e s u lt of t h e a c ti v ati o n of bl o o d c o a g ul a ti o n a n d

fib ri n oly s IS .

I t h a s b e e n r e p o r t e d t h a t n e u t r o p hils m e di a t e e n -

d o t h eli al c ell i n j u r y l n uit r o
( 1 5 ･ 1 6)

,
a n d t h at t his i nj u r y

is i n hibit e d b y g r a n ul o c y t e el a s t a s e i n h ibit o r s b u t n ot

b y c a t al a s e o r s u p e r o x id e di s m u t a s e (
1 5- 1 7)

. I n a d di -

ti o n
, g r a n u l o c y t e el a st a s e l e a d s t o h e m o s t a ti c dis ･

o r d e r s i n s e v e r e i nf e cti o n s ( 1 8) a n d s e p ti c s h o c k
( 1 9)

.

D e c r e a s ed T M e x p r e s si o n i n v a ri o u s i nf e c t ed e n d o -

t h eli al c ell s h a s als o b e e n r e p o rt e d
( 2 0 , 2 1)

･ I n th e p r e s e n t

st u d y , th e T M l e v el s di d n o t si g nifi c a n tly c o r r el at e

w ith th e l e v el of P M N el a s t a s e a n d C R P
,
a n d t h e

el e v a ti o n of th e p l a s m a T M le v el w a s n o t s o hi g h i n

t h e hi gh C R P g r o u p ( T a bl e 2 a n d 3) , s u g g e sti n g t h a t

s o m e f a c t o r s o th e r th a n P M N el a st a s e m a y aff e c t

t h e lib e r a ti o n of T M f r o m e n d ot h eli al c ells . R e c e n tl y ,

s o m e r e p o rt s h a v e s h o w n th e i m p o rt a n c e of o x y g e n

r a di c als i n e n d o t h eli al inj u r y
( 2 2 ･ 2 3)

. A lt h o u g h th e el e v a -

ti o n of th e p l a s m a T M l e v el m a y n o t b e r e m a r k a b ly

hig h i n a p a ti e n t a t t h e e a rl y p h a s e of i nf e c ti o n a s i n

thi s s t u d y , e n d o th eli al c ell d a m a g e m a y s till b e p r e s -

e n t
,
a n d c a r ef u l h e m o s t ati c o b s e r v a ti o n s a r e n e c e s -

T h r o m b o m o d u li n i n l n f e c ti o n 4 9

S a r y t O p r e v e n t O r t r e at t h r o m b o sis a n d o r g a n dis -

o r d e r d u ri n g t h e c o u r s e of i n f e cti o n .

R e g a rdi n g t h e p ati e n t s
'

a g e s , t h e T M l e v els
,

g r a n ul o c y t e c o u n t s a n d v W f: A g w e r e s l g nifi c a n tly
hi gh e r i n t h e old e r p a ti e n t s alt h o u g h t h e r e w a s n o

diff e r e n c e i n C R P b et w e e n th e t w o a g e g r o u p s ･ O nly
i n th e old e r g r o u p did th e pl a s m a T M c o r r el a t e w ith

th e W B C
, g r a n ul o c y t e c o u n t s

,
a n d ot h e r p a r a m e t e r s

(P I C , F D P
,
D ･di m e r

,
a n d v W f: A g) ( T a bl e 4) . T h e s e

fi n di n g s s u g g e st th at i n c r e a s e d g r a n ul o c y t e s e a sil y
c a u s e d a m a g e t o e n d o t h eli al c ells a n d l e a d t o a

p r o c o a g ul a n t st a t e i n t h e old e r p a ti e n t g r o u p c o m p a r -

e d w ith th e y o u n g e r p a ti e n t g r o u p .

E v e n w ith t h e r es ult s of t h e p r e s e n t s t u d y , it is

diffi c ult t o id e n tif y th e k e y f a c t o r s w hi c h ele v a t e t h e

p l a s m a T M l e v el i n a s s o ci ati o n w it h t h e a c ti v a ti o n of

bl o o d c o a g ul a ti o n a n d fib ri n ol y si s i n p ati e n t s w ith

v a ri o u s i n f e cti o u s dis e a s e s ･ If w e c o uld a n aly s e d efi -

n it e b a c t e ri al i nf e cti o n c a s e s o nly a n d a n o th e r r el a -

ti o n shi p b et w e e n T M a n d P M N el a st a s e c o uld b e

f o u n d
,
o th e r f a ct o r s s u c h a s o th e r c ell ul a r e n z y m e s ,

c y t o k i n e s , a n d t h e c o n diti o n of e n d ot h eli al c ell s i n th e

i nf e c ti o u s st a t e r e m ai n t o b e s t u di ed i n a d diti o n t o

P M N el a st a s e f o r c a u s l n g th e el e v a ti o n of T M i n t his

s y u d y .

A c k n o w le d g m e n t s ･ T his st u d y w a s s u p p o rt e d i n p a r t

b y a R e s e a r c h G r a n t f o r l n t r a c t ab l e D is e a s e s f r o m

th e M i nis t r y o f H e alt h a n d W elf a r e of J a p a n (t o H .

T .) .

R E F E R E N C E S

1) E s m o n N L : T h r o m b o m o d u li n . S e m i n T h r o m b H e _

m o st 1 3 : 4 5 4- 4 6 3 , 1 9 8 7 .

2) J a k u b o w s k i H V
,
K li n e M D

,
O w e n W G : T h e e ff e ct

o f b o v i n e th r o m b o m o d u li n o n th e s p e ci fi cit y o f

b o v i n e t h r o m bi n . I B i oI C h e m 2 6 1 : 3 8 7 61 3 8 8 2 , 1 9 8 6 .

3) E s m o n C T : T h e r o l e s o f p r o t ei n C a n d t h r o m -
b o m o d u li n i n th e r e g u l a ti o n o f b l o o d c o a g u l a ti o n . ∫
B i o I C h e m 2 6 4 : 4 7 4 3- 4 7 4 6 , 1 9 8 9 .

4) D itt m a n W A , M aj e r u s P W : S t r u c t u r e a n d f u n c ti o n

o f th r o m b o m o d u li n : A n a t u r a l a n ti c o a g u l a n t . B l o o d

7 5 : 3 2 9- 3 3 6 , 1 9 9 0 .

5) S u z u k i K , K u s u m o t o H , D e y a s h i k i Y , N i s hi o k a J ,

M a r u y a m a I , Z u s hi M ,
K a w a h a r a S

,
H o n d a G

,

Y a m a m o t o S
,
Ⅲ o ri g u c h i S : S t r u c t u r e a n d e x p r e s-

si o n o f h u m a n t h r o m b o m o d u li n
,
a t h r o m b i n r e c e p t o r

o n e n d o th e li u m a c ti n g a s a c o f a c t o r f o r p r o t ei n C

a cti v a ti o n . E M B O I 6 : 1 8 9 11 1 8 9 7 , 1 9 8 7 .

6) I s h ii H , U c h iy a m a H , K a z a m a M : S o l u bl e th r o m -

b o m o d u li n a n ti g e n i n c o n d iti o n e d m e di u m i s i n c r e a -



5 0 Y . S E K I et al .

s e d b y d a m a g e o f e n d o t h e li a l c ell s ･ T h r o m b H a e m o st

6 5 : 6 1 8- 6 2 3 , 1 9 9 1 .

7) T a k a h a s h i H , T a t e w a ki W , W a d a K , H a n a
n o M

,

s h i b a t a A : T h r o m b i n v s . p l a s m i n g e n e r a ti o n i n

d i s s e m i n a t e d i n t r a v a s c u l a r c o a g u l a ti o n a s s o ci a t e d

w it h v a ri o u s u n d e rl yi n g d i s o r d e r s . A m I H e m a t o 1

3 3 : 9 0- 9 5 , 1 9 9 0 .

8 ) P h ili p p e ∫, O ff n e r F , D e cl e r c k P J , L e r o u x
- R o e l s G

,

v o g el a e r s D , B a el e G , C o ll e n D : Fi b ri n o l y si s a n d

c o a g u l a ti o n i n p a ti e n t s
w it h i n f e c ti o u s d i s e a s e a n d

s e p si s . T h r o m b H a e m o st 6 5 : 2 9 11 2 9 5 , 1 9 9 1 ･

9) S e k i Y , T a k a h a s hi H , N i w a n o H , W a d a K , T a k a k u
-

w a E
,
S h i b a t a A : A c ti v a ti o n o f b l o o d c o a g u l a ti o n

a n d fi b ri n o l y s I S i n p a ti e n t s w it h i n f e c t
i o u s d i s e a s e ･

h n I T h r o m b H e m o st 3 : 4 1 2- 4 1 9 , 1 9 9 2 1

1 0) I s h ii Ⅲ , N a k a n o M , T s u b o u c h i ∫, I si k a w a T ,

U c h i y a m a H , H i r ai s h i S , T a h a
r a C

,
M i y aj i m a Y ,

K a z a m a M : E s t a b li s h m e n t o f e n z y m e i m m u n o a s s a y

o f h u m a n th r o m b o m o d u li n i n p l a s m a a n d u ri n e

u si n g m o n o cl o n a l a n ti b o d
i e s ･ T h r o m b H a e m o st 6 3 :

1 5 7- 1 6 2 , 1 9 9 0 .

l l) K o d a m a S , U c hij i m a E , N a g ai M ,
M i k a w a t a n i K

,

H a y a s h i T , S u z u k i K : O n e- st e p s a n d w i c h e n z y m e

i m m u n o a s s a y f o r s o l u b l e h u m a n th r o m b o
m o d u li n

u si n g m o n o c l o n a l a n ti b o d i e s
. Cli n C h i m A ct a 1 9 2 :

1 9 1- 2 0 0 , 1 9 9 0 .

1 2) T a k a h a s h i H , I t o S , H a n a n o M , W a d a K , N i w a n o H ,

S e k i Y
,
S h ib a t a A : C i r c u l a ti n g t h r o m b o m o d u li n a s a

n o v e l e n d o t h e li a l c ell m a r k e r : C o m p a ri si o n o f i t s

b e h a v i o r w i th Y o n W ill e b r a n d f a c t o r a n d ti s s u e- t y p e

pl a s m i n o g e n a c ti v a t o r . A m I l f e m a t o 1 4 1 : 3 21 3 9 ,

1 9 9 2 .

1 3 ) I w a s h i m a Y , S a t o T , W a t a n a b e K , O s h i m a E , H i r ai-

s h i S
,
I sh ii H , K a z a m a M , M a k i n o I : E l e v a ti o n o f

p l a s m a t h r o m b o m o d u li n l e v el i n d
i a b e ti c p a ti e n t s

wi th e a rl y di a b e ti c n e p h r o p a th y . D i a b et e s 3 9 : 9 8 3-

9 8 8
,
1 9 9 0 .

1 4) T a k a n o S , K i m u r a S , O h d a m a S , A o k i N : P l a s m a

th r o m b o m o d u li n i n h e a l th a n d d i s e a s e s . B l o o d 7 6 :

2 0 2 4- 2 0 2 9 , 1 9 9 0 .

1 5) H a rl a n J M ,
K ill e n P D

,
H a r k e r L A

,
S t ri k e r G E :

N e u t r o p h il- m e d i a t e d e n d o t h e li a l i nj u r y i n v i t r o ･

M e c h a n i s m o f c e ll d e t a c h m e n t . I C li n I n v e st 6 8 :

1 3 9 4- 1 4 0 3 , 1 9 8 1 .

1 6) S m e d l y L A , T o n n e s e n M G , S a n d h a u s R A , H a sl e tt C ,

G u th ri e L A
,
J o h n s o n J r . R B , Ⅲ e n s o n P M , W o r t h e n

G S : N e u t r o p h il - m e d i a t e d i nj u r y t o e n d o th li a l c ell s ･

E n h a n c e m e n t b y e n d o t o x i n a n d e s s e n t
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n e u t r o p hil e l a st a s e . I C li n I n v e st 7 7 : 1 2 3 31 1 2 4 3 ,

1 9 8 6 .

1 7 ) W e i s s S J , R e gi a n i S : N e u t r o p h il s d e g r a d e s u b e n-

d o th eli al m a t ri c e s i n t h e p r e s e n c e o f a lp h a-トp r o t ei
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n a s e i n h ib it o r . C o o p e r a ti v e u s e o f l y s o s o m a l
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1 2 9 ｢ト13 0 3
,
1 9 8 4 .

1 8) S e it z R , W o lf M ,
E g b ri n g R , R a d t k e K P , L i e s e n

f el d

A
,
P i tt n e r P

,
H a v e m a n I( : P a r ti ci p a ti o n a n d i n t e r a c-
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3 8 : 2 3 ト24 0
,
1 9 8 7 .

1 9 ) S eit z R , W o lf M , E g b ri n g R , H a v e m a n n K : T h e

di st u r b a n c e o f h e m o s t a si s i n s e p ti c s h o c k : r o l e o f

n e u t r o p h il e l a s t a s e a n d th r o m b i n , e ff e c t s o f a n ti th-

r o m b i n III a n d p l a s m a s u b stit u ti o n . E u r I H a e m a t o 1

4 3 : 2 2- 2 8 , 1 9 8 9 .

2 0) T e y s s ei r e N , A r n o u x D , G e o g e F , S a m p o I ∫, R a o u l t

D : Y o n w ill e b r a n d f a c t o r r e l e a s e a n d t h r o m b o m o -

d u li n a n d ti s s u e f a c t o r e x p r e s si o n i n ri c k e tt si a c o r
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2 1) K e y N S , V e r c e ll o t ti G M , W i n k e l m a n n J C , M ol d o w

C F
,
G o o d m a n J L E s m o n N L , E s m o n C T , J a c o b H S :

I n f e c ti o n o f v a s c u l a r e n d o t h e li a l c ell s w i th h e r p e s

si m p l e x v i r u s e n h a n c e s ti s s u e f a c t o r a c ti v it y a n d

r e d u c e s t h r o m o b o m o d u li n e x p r e s si o n . P r o c N a il

A c a d S ci 8 7 : 7 0 9 5- 7 0 9 9 , 1 9 9 0 .

2 2 ) H a rd y M M ,
Fli c k i n g e r A G , R il e y D P , W ei s s R H ,

R y a n U S : S u p e r o x i d e di s m u t a s e m i m e ti c s i n h ib i t

n e u t r o p h il- m e di a t e d h u m a n a o rti c e n d o t h e li a l c e ll

i nj u r y i n v it r o . I B i oI C h e m 2 6 9 : 1 8 5 3 51 1 8 5 4 0 , 1 9 9 4 1

2 3) V a r a n i ∫, W a r d P A : M e c h a n i s m s o f n e u t r o p h iトd e-

p e n d e n t a n d n e u t r o p hiトi n d e p e n d e n t e n d o t h e li a l c e ll

i nj u r y . B i oI Sig n a l s 3 : 1 1 1 4 , 1 9 9 4 .




